Calorie restriction (CR), which has the potential effect to weight loss and blood amino 2 0 acids, has been demonstrated to associate with gut microbiota in human, especially in 2 1 obese individuals. However, studies for simultaneously evaluating enterotype-dependent 2 2 impacts of CR on the gut microbiota and blood amino acids in nonobese individuals are 2 3 still limited.
At baseline, 41 individuals were clustered into two groups: 28 ETB (Bacteroides 1 4 1 enriched) and 13 ETP (Prevotella enriched) individuals 87.8% (36 of 41) individuals 1 4 2 were clustered to the same enterotype after the 3-week CR intervention. Detailed 1 4 3 enterotype information for each individual is provided in Supplemental Table 2 . 1 4 4 Genus or species with an occurrence rate > 80% and a median relative abundance > 1e-6 1 4 5 in all samples were defined as common genus or species and used for further intra-and Differentially enriched KEGG pathways were identified between enterotypes and 1 4 8 between different time points, based on the distribution of Z-scores of all KOs belonging 1 4 9 to a given pathway [28, 29] . A reporter score |Z| > 1.96 (95% confidence interval 1 5 0 according to a normal distribution) was used as a detection threshold for significantly 1 5 1 differentiating pathways. Alpha diversity of each individual was calculated on the gene and species relative 1 5 3 abundance profiles using the Shannon index. Beta-diversity on the gene and species 1 5 4 relative abundance profiles was calculated using the Bray-Curtis distance. Fasting blood samples were collected before and after the intervention for amino acids 1 5 7 analysis. These blood samples were then centrifuged, and serum samples were collected 1 5 8
Wilcoxon rank-sum test was used to detect the significant differences on phenotypes, the 1 6 8 concentrations of blood amino acids and the relative abundances of genera and species 1 6 9 between enterotypes.
7 0
Wilcoxon signed-rank test was used to detect the significant differences on phenotypes, 1 7 1 the concentrations of blood amino acids and the relative abundances of genera and 1 7 2 species in paired samples before and after the intervention. BMI loss ratio of a given individual was calculated using the following equation:
are the BMI value of the same individual before and 1 7 6
after the CR intervention, respectively. The association between enterotypes and the overall blood amino acid profile at baseline 1 7 9
was assessed using permutational multivariate analysis of variance (PERMANOVA) with 1 8 0 9,999 permutations on enterotypes (R vegan package, adonis function, method="bray"). profiles to visual overall amino acid composition between enterotypes, and that before 1 8 7
and after the intervention. To investigate whether we could predict BMI loss ratio using omics features, we 1 9 0 performed a Lasso (Least absolute shrinkage and selection operator) regression analysis 1 9 1 between baseline relative abundances of gut common species and the concentrations of 1 9 2 blood amino acids (independent variables), and BMI loss ratio (dependent variables). Mobiluncus curtisii were selected at this step. To reduce overfitting with a limited sample size (n=41), we applied leave-one-out cross BMI values for LOOCV to estimate its prediction performance for CR-associated BMI 2 0 9 loss ratio. Spearman's rho values were calculated between actual BMI loss ratios and the 2 1 0 predicted values. Benjamini-Hochberg (BH) method. BH-adjusted P value less than 0.05 was considered 2 1 5
as statistical significance. The significance for α -diversity, β -diversity and phenotypes 2 1 6 (age, female to male ratio, BMI and BMI loss ratio) was set at p < 0.05. All statistical analyses were conducted using R (version 3.5.0). Based on the baseline genera abundance profile, individuals can be robustly clustered 2 2 2 into two enterotypes: enterotype Bacteroides (ETB, n = 28) and enterotype Prevotella 2 2 3 (ETP, n = 13) (See Materials and Methods, Figure 2A ).
4
Comparisons of the baseline phenotypes between two enterotype groups revealed that all 2 2 5 collected phenotypes, including sex distribution (female/male ratio), age, BMI and 2 2 6
weight, showed no significant differences between ETB and ETP subjects ( Table 2, gut microbiota showed marked differences between two groups, in agreement with the 2 2 9
previous studies [12, 15, 32] . For instance, genera Prevotella and Paraprevotella and four terpenoid backbone (map00900); and methane metabolism (map00680) were enriched in 2 3 8 ETP subjects ( |Z-score| > 1.96, Supplemental Figure 1B , Supplemental Table 7 ).
3 9
After the 3-week CR intervention, BMI values were decreased significantly in both ETB 2 4 0 and ETP subjects ( Figure 2C ; Wilcoxon Signed-rank test, p < 0.05). Interestingly, 2 4 1 subsequent analysis revealed that ETP subjects showed significantly greater BMI loss 2 4 2 ratio than ETB subjects (Wilcoxon rank-sum test, p < 0.05; mean BMI loss ratio 3.27% 2 4 3 versus 1.84%; Figure 2D ; see Materials and Methods). Overall gut microbiome composition is stable to CR Intervention 2 4 5
We next investigated the extent and impacts of the CR intervention on gut microbial were assigned to the same enterotypes after the intervention ( Supplemental Table 2 ). In and its degradation product 2-aminoadipic acid, and 3-methyl-histidine were significantly 2 8 1 increased whereas only one measured amino acid tyrosine was significantly decreased 2 8 2 after the intervention (Wilcoxon Signed-rank test, BH-adjusted P < 0.05, Figure 4D ). In 2 8 3 addition, we observed no significant differences in levels of blood amino acids between Prediction of BMI loss ratio induced by CR intervention using gut microbial species 2 8 8
Considering the differential response in the BMI loss ratio to the CR intervention in two 2 8 9 enterotypes, we next asked whether we could predict BMI loss ratio from the baseline 2 9 0 omics measures. We thus built a Lasso shrinkage model between baseline levels of gut 2 9 1 microbial species and blood amino acids and BMI loss ratio (See Materials and 2 9 2 Methods). We successfully selected 7 gut microbial species showing associations with 2 9 3 BMI loss ratio (Coefficient estimate > 0, Figure 5A) . Interestingly, the relative 2 9 4 abundances of 2 selected species C. bolteae and C. ramosum, which were enriched in hand, the relative abundance of D. longicatena which was slightly enriched in ETP 2 9 8
(Wilcoxon rank-sum test, BH-adjusted P = 0.06) was positively correlated with BMI loss 2 9 9 ratio (Figure 5A) . Baseline abundances of the other 4 Lasso selected species, however, 3 0 0 showed no significant differences between two enterotype groups (BH-adjusted P > 0.05, with BMI loss ratio (Figure 5A) . To estimate the performance of 7 gut microbial species on the prediction of BMI loss 3 0 6 ratio, we applied a general linear model between predicted BMI loss ratios and true 3 0 7
values using leave-one-out cross validation (LOOCV). Notably, the result showed the 3 0 8
predicted BMI loss ratio was significantly correlated with the true BMI loss ratio with a 3 0 9
Spearman's rho of 0.646 (Figure 5B , See Materials and Methods). By contrast, we 3 1 0
found that the individual baseline BMI could hardly predict their BMI loss after the CR Here we evaluated changes in BMI, blood amino acids and the gut microbiota of 41 3 1 5 nonobese subjects stratified by enterotype after a 3-week 50% energy deficit CR 3 1 6
intervention. We revealed that CR had significant effects on BMI and ETP subjects had 3 1 7
higher BMI loss ratio than ETB subjects. Additionally, CR showed only minor impacts 3 1 8
on gut microbial composition but significantly impacted blood amino acids in an 3 1 9 enterotype-independent manner. We further selected 7 gut bacterial species whose 3 2 0 baseline relative abundances could well predict BMI loss ratio induced by the CR 3 2 1 intervention.
3 2 2
In this study, nonobese ETP individuals showed greater BMI loss than ETB individuals kcal/day energy deficit diet [9] . Importantly, we successfully constructed a BMI loss ratio were significantly more enriched in ETB subjects while D. longicatena (positively 3 3 0 associated with BMI loss ratio in our model) was slightly more enriched in ETP subjects. subjects were collected before and after the CR intervention to assess its effects on BMI, 5 3 3 blood amino acids and gut microbiome in two enterotype groups. Benjamini-Hochberg (BH) adjusted P < 0.05. BH-adjusted P = 0.06); grey, species with no significant enrichment between two 5 6 8 enterotypes (P > 0.05). Differential enrichment of KEGG pathways between ETB and ETP subjects. Dashed overrepresented in ETB and ETP subjects, respectively. Scatter plot showing prediction performance of BMI loss ratio using baseline BMI values. 
